Objective. To evaluate the association between the purported risk factors for chondrocalcinosis and gout and the risk of pseudogout in the general population.
Introduction
Acute calcium pyrophosphate (CPP) crystal arthritis, or pseudogout, is a common inflammatory arthritis of the elderly population, and it belongs to a group of related diseases called calcium pyrophosphate deposition diseases (CPPDs), which also includes chondrocalcinosis [1] . Recent recommendations by the European League Against Rheumatism (EULAR) summarized risk factors for CPPD, such as age, OA, RA (inverse association), hyperparathyroidism and diuretics [2] . However, the source data for these risk factors are limited and are mainly derived from studies investigating chondrocalcinosis [2] . As chondrocalcinosis is often asymptomatic, its risk factors may not garner the same clinical interest as those for pseudogout. Furthermore, risk factors for pseudogout may differ with chondrocalcinosis. In this study, we sought to evaluate the relation between the purported risk factors for chondrocalcinosis and the risk of physician-recorded pseudogout in a general population context. Given its gout-like clinical presentation, we also investigated the potential impact of known risk factors for gout, such as obesity, alcohol, hypertension, diabetes, congestive heart failure and chronic kidney disease (as comparison exposures).
Methods

Study population
The Health Improvement Network (THIN) contains computerized medical records entered by general practitioners (GPs) in the UK [3] . Data on 7.3 million patients are systematically recorded and sent anonymously to THIN. Patients included in the database are representative of the UK population with respect to age, sex and geographical region [3] . The computerized information includes demographics, details from GP visits, diagnoses from specialist referrals and hospital admissions, results of laboratory tests and a free text section (for which information is available on request). Diagnoses are recorded using READ codes. Prescriptions issued by primary care providers are recorded automatically in the database; drugs are coded using the Multilex classification (http://www. firstdatabank.co.uk/8/multilex-drug-data-file). The validity of THIN for pharmacoepidemiological research has been demonstrated [4] .
We conducted a nested casecontrol study using THIN data from January 1986 to June 2010. The cohort included all individuals aged 520 years, who had one or more years of enrolment with the GP. The start date corresponded to the date when these eligibility criteria were met. Members of the cohort were followed up until the date of one of the following end points: pseudogout detection, death or end of the study period (31 June 2010), whichever came first. The study was approved by the Boston University Institutional Review Board and Multicenter Research Ethics Committee.
Ascertainment of pseudogout and control subjects sampling
We identified all individuals with a first-ever diagnosis of pseudogout recorded by a GP using an automatic search with the READ code for pseudogout (N02.14). The date of the first occurrence of pseudogout was designated as the index date. We attempted to match up to 10 controls to each case based on year of birth, sex, enrolment date and index date. We excluded pseudogout patients, who also had a gout diagnosis (n = 310) during the cohort follow-up, to help isolate the risk factors for pseudogout without the potential influence of risk factors for gout.
Exposure assessment
We sought to evaluate the purported risk factors for CPPD that were included in the recent EULAR recommendations available in THIN [i.e. BMI, OA, RA, hyperparathyroidism and diuretic use (loop and thiazide, separately)] [2] . In addition, we evaluated associations with established risk factors for gout available in THIN [i.e. alcohol consumption, hypertension, diabetes, congestive heart failure and chronic kidney disease (defined as having a READ code of chronic renal impairment, chronic kidney disease stage 3 or higher, chronic/end-stage renal failure or having dialysis)]. We defined the presence of these medical conditions using GP-recorded diagnoses by READ codes, and thiazide and loop diuretic use by prescription drug data, as described previously, before the index date.
Statistical analysis
We estimated odds ratios (ORs) and 95% CIs for pseudogout associated with the purported risk factors for CPPD, and gout by means of conditional logistic regression analysis. As diuretics are primarily indicated for our covariate conditions, such as hypertension, heart failure and chronic kidney disease, we used a set of multivariate models that adjusted for these disease conditions separately and together with diuretic use to assess their potential impacts. The final multivariate model included all of the covariates measured. All statistical procedures were performed with SAS 9.2 (SAS Institute, Cary, NC, USA).
Results
The base cohort consisted of 4 484 066 persons followed for an average of 7 years, the mean age at cohort entry was 44.7 years, and 47.8% were male. Our study population included 795 pseudogout cases and 7770 controls; their characteristics are shown in Table 1 . The mean age of individuals with pseudogout at diagnosis was 72.5 years, and 45% were male. When we assessed potential independent associations in our adjusted models, a history of hyperparathyroidism (OR 4.87; 95% CI 2.10, 11.3), OA (OR 2.91; 95% CI 2.48, 3.43) and loop diuretics (OR 1.35; 95% CI 1.09, 1.67) was associated with the risk of pseudogout (Table 1) . Thiazide use was not associated with the risk of pseudogout (OR 1.02; 95% CI 0.83, 1.25). Risk factors for gout, such as BMI, heart failure, hypertension, diabetes, chronic kidney disease and alcohol consumption, were not significantly associated with the risk of pseudogout. However, when we limited the scope of chronic kidney disease to chronic renal failure (defined as READ codes including chronic kidney disease stage 5, renal failure or undergoing dialysis), it was associated with the risk of pseudogout (multivariate OR 2.29; 95% CI 1.30, 4.01). When we excluded individuals with missing BMI and alcohol consumption data, our results did not change materially.
Discussion
In this large general practice cohort representative of the UK population, we found that having a history of hyperparathyroidism, OA and loop diuretic use was associated with an increased risk of physician-recorded pseudogout. However, established risk factors for gout, such as obesity, alcohol consumption, thiazide use hypertension, diabetes and congestive heart failure, were not significantly associated with the risk of physician-recorded pseudogout. These first general population data on pseudogout suggest that most of the previously observed associations (or lack of associations) of purported factors with chondrocalcinosis are replicable with the outcome of pseudogout, but there may also be notable differences (e.g. thiazide diuretics and RA) [2] .
We found that loop diuretic use was associated with the risk for pseudogout, whereas thiazide use was not, supporting the potential importance of avoiding loop diuretics among individuals with recurrent pseudogout. A previous cross-sectional study has reported that diuretic use was associated with chondrocalcinosis [5] , but the study did not report the data separately for thiazide and loop diuretics. As CPP deposition is facilitated in hypomagnesaemia [6] , and the main area of renal magnesium reabsorption is in the loop of Henle, the action site of www.rheumatology.oxfordjournals.org loop diuretics, weaker magnesium wastage by thiazide than loop diuretics [7] may explain the potential differential effects on the risk of pseudogout between the two diuretics.
The association of hyperparathyroidism with pseudogout was consistent with previous reports on CPPD [8, 9] . It has been suggested that parathyroid hormone-induced increases in calcium or pyrophosphate concentrations may lead to CPP deposition [10] . As chronic kidney disease is a major cause of secondary hyperparathyroidism [11] , there have been case reports linking chronic kidney disease and CPPD [12, 13] . Although our fully adjusted results suggested a positive trend between chronic kidney disease and pseudogout, the association became clear (multivariate OR 2.29) when we limited the exposure definition to chronic renal failure. These findings provide support for a potentially substantial association between renal failure and pseudogout, although this link was not included in the recent EULAR recommendations [2] .
The magnitude of association with a history of OA was similar to that of the recent EULAR summary data [2] . Although obesity is a risk factor for OA and gout [14, 15] , we found no association with the risk of pseudogout, similar to a previous report [16] . These data did not support a speculated link between obesity and chondrocalcinosis, such as mechanical loading of the joints leading to increased release of adenosine triphosphate and consequent free pyrophosphate [16, 17] . Furthermore, the absence of association between BMI and the risk of pseudogout was consistent with the lack of association with the presence of chondrocalcinosis [2, 16] .
Previous studies have suggested differing directions of association between RA and CPPD. For example, although the recent EULAR summary concluded a strongly inverse association (OR 0.18) between RA and chondrocalcinosis [2] , other previous studies have suggested a positive association [8] or no association [18] . We observed a non-significant positive trend between RA and pseudogout, although this may be explained by a pseudo-RA presentation of CPPD [2] . Overall, the totality of available evidence on this link seems inconclusive in our view.
Strengths and limitations of our study deserve comment. This study was conducted using a large UK general practice database; therefore findings are likely to be applicable to the general population. Previous studies had smaller numbers (the largest series had 100 CPPD cases) [8, 16, 19] , mainly focused on chondrocalcinosis [9, 18, 20] or had a cross-sectional study design [5, 6] . Our large nested casecontrol study had a well-defined temporal relationship between the predictors and the outcome, and it focused on a clinical outcome, pseudogout. As in most other epidemiologic studies of CPPD [5, 6, 9, 16 , 1820], our definition of pseudogout did not require the observation of CPP crystals, and also our pseudogout cases have not been validated. Thus it is conceivable that other arthritic conditions, including other CPPD arthropathies, such as pseudo-OA or pseudo-RA [2] , could have been recorded as pseudogout. However, as pseudogout is not considered one of the readily suspected arthritic diagnoses among GPs, we anticipate that GP recording is more specific for pseudogout than commonly labelled arthritic conditions (e.g. rheumatoid arthritis or gout). Any non-differential misclassification would have biased the study results toward the null. It is also noteworthy that well-established risk factors for gout in this data set [14] were not associated with the risk of pseudogout, supporting the validity of our diagnosis. Nevertheless, our data call for confirmation of our findings using validated cases of pseudogout in a prospective study context, if feasible.
In conclusion, this general population study based on physician-recorded pseudogout suggests that most of the previously observed associations (and lack thereof) between purported factors and chondrocalcinosis are replicable with the outcome of pseudogout, but also that there may be notable exceptions, such as thiazide diuretics, RA and chronic renal failure. These findings highlight the potential need to further investigate the clinical outcome of pseudogout and support the avoidance of loop diuretics among individuals with pseudogout.
Rhuematology key messages
. Hyperparathyroidism, OA and loop diuretic use are associated with an increased risk of pseudogout. . Thiazide use, obesity and alcohol consumption were not associated with the risk of pseudogout. . Risk factors for chondrocalcinosis may differ from those for pseudogout.
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